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TUNNEL CONSTRUCTION LARGE - SCALE positioning and water quantity estimation and quantitative 
INTEGRATED GEOPHYSICAL ADVANCED identification method for the unfavorable geology in front of 

DETECTION MODEL TEST DEVICE a tunnel , research and develop a novel geophysical detection 
technology , verify the detection effect and evaluate the 

FIELD OF THE INVENTION 5 performance of the devices , it is very important to establish 
a tunnel construction large - scale integrated geophysical 

The present invention relates to a geophysical advanced advanced detection model test device . The geophysical 
detection model test device , and in particular relates to a detection model test , which may be used for constructing a 
tunnel construction large - scale integrated geophysical known geological condition and simulating a real detection 
advanced detection model test device . 10 environment and a detection object , plays a very important 

role in verifying the detected performance effect . 
BACKGROUND OF THE INVENTION The physical model test of geophysical detection indicates 

that a similar model is built from a physical prototype of a 
When entering the 21st century , the worldwide infrastruc - medium in a test room based on the physical and geometrical 

ture construction is ushered in the climax of " underground 15 similarity criteria according to a certain scale factor , to 
space " development , and the scale and quantity of tunnel simulate the real detection environment in the actual geo 
construction serving as a main structural form of under - logical condition . A relationship between the model struc 
ground engineering are increasing . Tunnels are mainly ture , structure , physical properties and change rule of the 
divided into highway and railway traffic tunnels , water medium and the characteristics and change of a geophysical 
conservancy transfer tunnels , municipal pipeline tunnels , 20 field is established by observing the geophysical field in the 
mine tunnels and the like . For the tunnel engineering con - model . The physical prototype may be studied and detected 
structed under complex geological conditions , the geologi - by using the relationship according to the geophysical field 
cal status of a line region is difficult to verify at the early observed on the physical prototype of the medium . The 
geological exploration stage , so that geological disasters geophysical detection test is an important path and means 
such as water and mud outburst , collapse and large defor - 25 for basic theory and method technical studies of solid 
mation frequently happen in construction , and the construc - geophysics and exploration geophysics . 
tion safety is seriously affected . For example , Japan ' s Seikan In view of development of the present model test , the 
undersea tunnel was submerged twice in 1969 and 1976 due existing model test has the limitation of single detection 
to water outburst accidents , wherein 33 persons died , more means , small scale , single simulated geological type , mate 
than 1 , 300 persons were disabled , and the construction 30 rial non - repeatability and the like , e . g . the model test device 
period was delayed by more than 2 years ; and in the in the document Goaf Two - Dimensional Ultrasonic Physical 
construction process of China ' s Yuanliangshan Tunnel , Model Experimental Studies ( Zhao Jiafu , Journal of Jilin 
totally 71 times of large - scale mud and stone outburst and University ) only aims at a seismic wave method , and the 
water and sand burst happened , the construction safety was model consisting of an organic glass plate of 80 cmx20 
seriously threatened , and the construction period was 35 cmx0 . 3 cm and a water trough is small in scale ; and the 
delayed . Therefore , advanced detection is quite necessary model test in the document Physical Simulation of Total 
for the geological condition in front of a tunnel face , to Space Transient Electromagnetic Response in Tunnel ( Qi 
detect the geological structure which may induce geological Taiyue , Modern Tunnelling Technology ) only aims at a 
disasters , such as a karst cave , an underground river , a fault transient electromagnetic method , the model size is 4 mx2 
or the like . 40 mx1 . 5 m , the internal material is fixed and the simulated 

Advanced geological prediction of a tunnel is to detect the geological type is single . 
geological condition in front of an excavated face of the With respect to the investigation of the existing technol 
tunnel by means of drilling , geophysical exploration and the ogy , the tunnel construction integrated advanced geological 
like , and master the structure and property of a tunnel prediction physical simulation technology and devices face 
surrounding rock in front as well as the condition of the 45 the following main problems : ( 1 ) for realizing similarity 
unfavorable geological structure such as a karst cave , an physical simulation of three detection methods including a 
underground river , a fault or the like before construction , so seismic wave method , an electromagnetic method and a 
as to provide guidance for further construction , avoid the direct - current electric method , the similarity principles of 
geological disasters such as water and mud outburst , col - the detection methods are different from each other , and the 
lapse and large deformation and ensure the construction 50 requirements for parameters of test materials are also dif 
safety . In the study and practice of the advanced geological ferent from each other , so it is difficult to find a similar 
prediction of a tunnel construction period , it is discovered material capable of simultaneously satisfying the three 
that the detection effect of a single method is not ideal and detection methods ; ( 2 ) for really simulating the actual geo 
the problems of inaccurate qualitative judgment , low posi - logical condition and detection environment and meeting the 
tioning precision and the like always appear due to the 55 boundary requirements of propagation of a seismic wave 
multiplicity of geophysical inversion interpretation and the field , an electromagnetic field and a direct - current electric 
complexity of environment detection , so that false reporting , field , large size and scale of the physical model test device 
underreporting or misreporting is produced , and serious is required ; ( 3 ) multiple water - containing geological struc 
hidden danger is caused for the construction safety . To ture devices for karst caves , underground rivers , faults and 
improve the reliability and accuracy of the advanced geo - 60 the like are used in actual construction , and in order to 
logical prediction , multiple prediction methods are com - classify and study the geophysical response and detection 
bined with each other to implement integrated advanced identification effects of the typical water - containing geologi 
geological prediction , and various prediction results are cal structure devices , different types of water - containing 
verified by each other and complemented with each other , so geological structure devices need to be simulated in the 
that the detection effect may be effectively improved . 65 physical model test ; ( 4 ) because the cost of the physical 

To disclose the geophysical response characteristics of a model test is relatively high , and if only the single geological 
typical unfavorable geology , establish a three - dimensional condition is simulated , geological abnormal bodies and 
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similar materials are not replaceable or reusable , the study A preparation method of the tunnel surrounding rock 
cost is greatly increased , and quick arrangement of different includes the following steps : 
types of abnormal bodies is required to simulate different ( 1 ) finding out the values of appropriate water content and 
geological conditions ; ( 5 ) each existing physical model test compactness according to the resistivity and wave veloc 
device is only designed for a certain detection means . 5 ity parameters of required materials and the relationship 
however , the geophysical detection has the characteristics of curve among the wave velocity , resistivity , water content 
multiplicity and detection environment complexity , the and compactness ; 
physical test device is required for multiple detection meth ( 2 ) excavating a plurality of underground soil samples , 
ods such as the seismic wave method , the electromagnetic drying , exposing in the sun or adding water to ensure that 
method and the direct - current electric method , and the 10 the water content of the soil reaches the predefined water 

content , and sieving out a plurality of gravel with the results of these detection means need to be compared and diameters of 3 - 4 meshes through a sieve ; verified , whereas how the observation systems of various ( 3 ) respectively weighing the raw materials , putting the raw detection means are arranged in a physical model so as not materials into a stirrer and fully stirring the raw materials ; to interfere with each other is a problem . 15 ( 4 ) putting the mixed material into a model , stacking layer 
by layer , and performing artificial ramming to reach the SUMMARY OF THE INVENTION predefined compactness . 
The main tunnel model includes a tunnel model face and For solving the above - mentioned problems , the aim of the aim of the a tunnel model cavity which are connected with each other 

present invention is to provide a tunnel construction large - 20 to form a whole ; the tunnel model cavity is divided into an 
scale integrated geophysical advanced detection model test inner layer and an outer layer , the inner layer includes a shell 
device capable of meeting the detection requirements of an and annular inner reinforcing ribs positioned in the shell and 
integrated induced polarization method , a transient electro - used for restraining the radial deformation of the shell , and 
magnetic method , a seismic wave method , a borehole radar the outer layer is provided with annular outer reinforcing 
method and a resistivity CT method and realizing multiple 25 ribs and axial outer reinforcing ribs positioned outside the 
geophysical integrated detection . shell and used for restraining the radial and axial deforma 

To fulfill the above - mentioned purposes , the present tion of the tunnel model cavity respectively ; and electrode 
invention adopts the following technical scheme . mounting holes , electromagnetic method coil supports , a 

A tunnel construction large - scale integrated geophysical borehole radar detection hole and a transient electromag 
advanced detection model test device includes a tunnel 30 netic advanced probe placing hole are arranged on the tunnel 
surrounding rock , a main tunnel model , a model test case , a model face respectively , seismic wave method induced 
water - containing geological structure device , a numerical measuring points and receiving measuring points are 
control automated construction device , horizontal detection arranged on the tunnel model face , the cross section of the 
boreholes and a main control chamber , wherein the tunnel inner layer shell of the tunnel model cavity has a symmetri 
surrounding rock is filled in the model test case , the main 35 cal structure formed by six arcs of a five - center circle , and 
tunnel model of a model test is positioned in the middle of the whole cross section is in the shape of a pebble which has 
the front of the model test case , the water - containing geo a narrower top and a wider bottom and is smooth on the 
logical structure device is arranged in front of the main circumference . The borehole radar detection hole and the 
tunnel model , the numerical control automated construction transient electromagnetic advanced probe placing hole are 
device is mounted on the top of the model test case , the 40 positioned in the feet of two sides of the tunnel model face 
horizontal detection boreholes are arranged in the model test respectively , and are cylindrical and identical in size . 
device , and the main control chamber is positioned outside The electrode mounting holes are cylindrical and are 
the model test case and communicates with the water reserved in the tunnel model face according to the measuring 
containing geological structure device and the numerical line arrangement requirement of a direct - current electric 
control automated construction device . 45 method or an induced polarization method , and electrodes 

The tunnel surrounding rock is used for simulating the are mounted in the electrode mounting holes according to 
condition of the tunnel surrounding rock in actual tunnel actual needs . 
construction and is a similar material simultaneously meet Four electromagnetic method coil supports are reserved 
ing the requirements of seismic wave field , electromagnetic on the tunnel model face according to the arrangement 
field and direct - current electric field detection for resistivity 50 requirement of transient electromagnetic method coils , and 
and wave velocity , and the similar material is formed by the four supports form a rectangle . 
mixing and compacting the following components in parts The model test case has a reinforced concrete structure , 
by mass : the geometrical factor ratio G of the whole model test device 

is 6 , and the geometrical factor ratio is the geometrical 
55 dimension ratio of a prototype to a model . 

100 parts The water - containing geological structure device includes 
cement 4 - 20 parts a freely molded water - containing structure shell with a gravel 10 - 25 parts , controllable permeability coefficient , a water inlet pipe , a 

water outlet pipe , a water inlet flow control device , a water 
wherein the water content of the soil is controlled to be 60 outlet flow control device , a water tank and a water wave 
8 - 16 % , and the compactness of the whole similar material is velocity controllable device , wherein the water inlet pipe 
controlled to be 0 . 75 - 0 . 95 ; the soil and the gravel are and the water outlet pipe are arranged on two sides of the 
aggregates of the similar material , the cement is a cementing water - containing structure shell respectively , the water inlet 
agent , the gravel is 3 - 4 meshes , and the cement is directly flow control device is fixed on the water inlet pipe , the water 
mixed as dry powder ; and the wave velocity of the similar 65 outlet flow control device is arranged on the water outlet 
material is 230 - 1 , 260 m / s , and the resistivity of the similar pipe , one end of the water inlet pipe is connected with the 
material is 20 - 340 Nm . water tank , and parts of the water inlet pipe and the water 

soil 
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outlet pipe , positioned in the water - containing structure sion transducers respectively , and connecting the air com 
shell , are respectively provided with a plurality of water pressor with the porous discharge pipe ; 
inlets and water outlets forming a plurality of water pas - ( 3 ) mounting the water inlet and outlet flow control devices 
sages , and the water - containing structure shell is also con and the water flow direction control devices : connecting 
nected with the water wave velocity controllable device 5 the flow controllers with two frequency converters respec based on pneumatic powder spray . tively , connecting the two frequency converters with the 

The water inlet pipe and the water outlet pipe are respec variable frequency motors respectively , and connecting 
tively connected to the water - containing structure shell the variable frequency motors with the water inlet flow through water flow direction control devices , and parts of the meter and the water outlet flow meter respectively ; con water inlet pipe and the water outlet pipe , positioned in the 10 necting the water flow direction control devices with the water - containing structure shell , are respectively divided computer , the water flow direction control devices being into pipelines in multiple directions through the water flow mounted at two ends of the water - containing structure direction control devices . shell ; connecting the water inlet pipe and the water outlet The water wave velocity controllable device includes a 
computer , wherein the computer is respectively connected 15 5 Pipe pipe with the water - containing structure shell respec 
with an air compressor and acoustic emission transducers , tively ; 
the air compressor is connected with one end of a porous ( 4 ) hoisting and burying the water - containing geological 
discharge pipe inserted into the water - containing structure structure device : excavating the filled model to an appro 
shell , a plurality of parallel pipelines are arranged at the priate depth on the multifunctional tunnel advanced geo 
other end of the porous discharge pipe , and the acoustic 20 logical prediction physical model test device with set 
emission transducers are positioned in the water - containing length , width and height according to a designated posi 
structure shell . tion by using a rotary excavating device , hoisting the 

The water inlet flow control device includes a flow water - containing geological structure device to the exca 
controller , wherein the flow controller is connected with the vated position by using a travelling hoist , burying the 
computer and also connected with a frequency converter , the 25 similar material of the excavated surrounding rock , and 
frequency converter is connected with a variable frequency ramming ; 
motor , the variable frequency motor is connected with a ( 5 ) setting the elastic wave velocity , flow and flow direction 
water inlet flow meter , and the water inlet flow meter is of water through the computer , and controlling the cor 
connected with the computer and mounted in the water inlet responding devices to work . 
pipe . The water outlet flow control device includes a flow 30 When the water - containing structure shell is cast in ( 1 ) , 
controller , wherein the flow controller is connected with the two holes with the diameters of 3 cm need to be reserved on 
computer and also connected with a frequency converter , the two sides of the water - containing structure shell , for mount 
frequency converter is connected with a variable frequency ing the water inlet and outlet pipes respectively ; meanwhile , 
motor , the variable frequency motor is connected with a a hole with the diameter of 2 cm needs to be reserved in the 
water outlet flow meter , and the water outlet flow meter is 35 shell , for mounting a porous discharge pipe connecting pipe 
connected with the computer and mounted in the water in the water - containing structure ; in addition , a square hole 
outlet pipe . of 0 . 2x0 . 2 m also needs to be reserved in the water 

Each water flow direction control device is a three - way containing structure shell , a cover matching the size of the 
electromagnetic valve which is connected with the com - square hole is manufactured , the square hole is used for 
puter . 40 filling a solid filling material , and the manufactured cover is 

The water - containing structure shell is molded by adopt - fixed on the shell by using bolts after filling to plug the 
ing a pervious material with good permeability and control - reserved square hole . 
lable permeability coefficient . The water - containing struc The numerical control automated construction device 
ture shell is formed by molding 1 part of cement , 1 . 25 - 2 . 05 includes horizontal guide rails fixed at the top end of the 
parts of water granulated slag , 0 . 50 - 1 . 25 parts of gravel , 45 model test case , a double girder gantry crane moving on the 
FRP ribs and 0 . 3 - 0 . 75 part of water by mass . horizontal guide rails along the direction of the guide rails , 

A manufacturing method of the water - containing geologi - a 360° rotatable soil taking device and an abnormal body 
cal structure device includes the following steps : carrying device which are mounted on the double girder 
( 1 ) casting the water - containing structure shell : selecting an gantry crane , and an integrated numerical control operating 

appropriate steel mold and a template according to the 50 system for realizing the functions of ranging , feedback and 
type and shape of the water - containing structure to be real - time display , wherein the double girder gantry crane 
manufactured , and arranging and binding the FRP ribs at moves along the horizontal guide rails , and the 360° rotat 
set intervals in the steel mold ; selecting a mixing ratio able soil taking device moves along the double girder gantry 
according to the set permeability coefficient requirement , crane or moves vertically downwards . 
stirring the cement , water granulated slag and gravel 55 The double girder gantry crane consists of a full - gantry 
uniformly in a stirrer , then adding water , and stirring main girder and leg supports fixed at two ends of the 
uniformly ; then pouring the mixture into the steel mold full - gantry main girder , wherein the main girder has a 
and the template , performing vibratory ramming , and double - girder structure , a trolley track is designed on the 
molding ; demolding after the set time , and curing for a main girder , and each single girder of the main girder is 
few days according to the concrete curing provision ; 60 designed into a box girder structure . 

( 2 ) mounting the water wave velocity controllable device Each leg support includes two oblique legs , an end girder 
based on pneumatic stirring : adding excessive plastic at the bottom and a travelling mechanism , wherein the two 
powder into water in the water - containing structure shell oblique legs form an A - shaped support and are connected 
through the air compressor to form a suspension , fixing with the travelling mechanism through the end girder at the 
the acoustic emission transducers according to a fixed 65 bottom . Steel plate buckles for preventing the crane from 
distance , fixing the porous discharge pipe , connecting the being separated from the track are designed on two sides of 
computer with the air compressor and the acoustic emis - the travelling mechanism . 
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The 360° rotatable soil taking device includes a four 
wheeled trolley , a rotating mechanism , a guide rod , a grab 
bucket and a main hydraulic system . 

The four - wheeled trolley moves on the trolley track of the 
full - gantry main girder , the guide rod is connected with the 5 
four - wheeled trolley through a guide rod hole in the four - 
wheeled trolley and connected with the grab bucket through 
the rotating mechanism , the guide rod is telescopic , and the 
main hydraulic system is used for driving the rotation and 
normal operation of the grab bucket and the extension and 10 
retraction of the guide rod . 

The abnormal body carrying device includes a hoist and 
a travelling component connected with the hoist , wherein 
the travelling component moves along one single girder of 
the main girder of the double girder gantry crane . 15 

The integrated numerical control operating system may 
realize the ranging and feedback functions and display the 
working state of the whole device in real time , and is 
designed to have an automatic control mode and a manual 
control mode . 20 

There are totally three pairs of horizontal detection bore 
holes , wherein one pair of boreholes is positioned in front of 
the main tunnel face and used for mounting of a transient 
electromagnetic method advanced probe , mounting of a 
resistivity CT method electrode and delivery of a borehole 25 
radar method antenna , and the other two pairs of boreholes 
in which measuring electrodes are mounted penetrate 
through the whole model test device and are respectively 
positioned at the upper left , upper right , lower left and lower 
right parts of the model test device and used for detection of 30 
a resistivity CT method and a borehole radar method . 

The main control chamber is used for controlling and 
displaying each operation in the test , and communicates 
with the water - containing geological structure device and 
the numerical control automated construction device . 35 
An integrated geophysical advanced detection method 

using the above - mentioned detection model test device 
includes the following detection steps : 
( 1 ) pre - burying of a geological abnormal body : after the 

three - dimensional position of the pre - buried geological 40 
abnormal body in the model test is determined , perform 
ing quick three - dimensional positioning excavation in the 
tunnel surrounding rock by using the numerical control 
automated construction device , carrying and burying the 
water - containing geological structure device to a pre - 45 
defined position in front of the main tunnel model , and 
backfilling and ramming the tunnel surrounding rock ; 

( 2 ) connection of detection devices and detection test , spe 
cifically including : 

1 ) selection of a detection method and connection of 50 
devices : selecting a detection method according to the test 
requirement , such as an induced polarization method , a 
transient electromagnetic method , a seismic wave 
method , a borehole radar method and a resistivity CT 
method , and connecting the detection devices matched 55 
with the detection method for the geophysical advanced 
detection test ; 

2 ) selection of electrodes and horizontal detection boreholes : 
selecting the electrodes or the horizontal detection bore - 
holes required for the corresponding method according to 60 
the selected detection method , wherein the induced polar 
ization method needs the electrodes arranged on the main 
tunnel face and the tunnel cavity , and the borehole radar 
method and the resistivity CT method need two random 
boreholes selected according to the three - dimensional 65 
position of the pre - buried water - containing geological 
structure device , so as to ensure that the water - containing 

geological structure device is positioned between the 
horizontal detection boreholes ; 

3 ) detection and verification of detection results : performing 
various geophysical advanced detections under the coor 
dination action of the detection devices and the electrodes 
or the boreholes , performing geophysical inversion on the 
acquired detection data to obtain response results of the 
water - containing geological structure device so as to 
obtain information such as the three - dimensional position 
and size of the detected water - containing geological struc 
ture device , and verifying the information with informa 
tion such as three - dimensional position and size of the 
actual buried water - containing geological structure device 
to judge the accuracy of various detection methods . 
The present invention has the beneficial effects : 

1 , the present invention proposes the extra large - scale inte 
grated geophysical advanced detection model test device 
integrating the induced polarization method , the transient 
electromagnetic method , the seismic wave method , the 
borehole radar method and the resistivity CT method , and 
the tunnel surrounding rock , the main tunnel model , the 
model test case , the water - containing geological structure 
device , the numerical control automated construction 
device and the main control chamber are reasonably 
designed in the whole model test device , so that multiple 
geophysical integrated detection is realized ; 

2 , the present invention proposes the similar material simul 
taneously meeting the multi - field similarity requirements 
of a seismic wave field , an electromagnetic field and a 
direct - current electric field , and the similar material con 
sists of silty clay , cement and gravel and meets the 
requirements of the seismic wave field , electromagnetic 
field and direct - current electric field detection methods for 
the resistivity 200 m and the wave velocity 1000 m / s by 
controlling the water content and the compactness , so that 
the actual geological condition may be simulated more 
accurately ; 

3 , the present invention proposes the water - containing geo 
logical structure device with controllable parameters , and 
the water - containing geological structure device includes 
the water velocity controllable device based on the pneu 
matic stirring device , water flow and flow direction con 
trol systems and the freely molded water - containing geo 
logical structure device shell with a controllable 
permeability coefficient , realizes controllable adjustment 
of the water wave velocity and control of water flow and 
flow direction , meets the requirements of multiple geo 
physical fields of the seismic wave method , the electro 
magnetic method and the direct - current electric method 
and realizes control of flow and flow direction of flowing 
water , so that different water filling states of unfavorable 
geological bodies may be simulated by controlling the 
water flow , and the requirement of the induced polariza 
tion method for flowing water simulation is met by 
controlling the flow direction ; multiple unfavorable geo 
logical bodies such as underground rivers , karst caves and 
fault zones and combinations thereof may be simulated by 
freely molding different shapes ; 

4 , the present invention proposes the numerical control 
automated construction device for large - scale geophysical 
detection test , including the double girder gantry crane , 
the horizontal guide rails , the 360° rotatable soil taking 
device , the geological abnormal body carrying device , the 
main hydraulic system and the integrated ranging , feed 
back and real - time display numerical control operating 
system , thus realizing the full - automatic quick three 
dimensional accurate positioning excavation technology 
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in the tunnel surrounding rock of the large - scale geo arranged in front of the main tunnel model 2 , the numerical 
physical detection test , realizing replaceability and repeat control automated construction device 5 is mounted on the 
ability of materials and geological abnormal bodies in the top of the model test case 3 , the horizontal detection 
model test , and having the characteristics of low energy boreholes 30 are arranged in the model test device , and the 
consumption , high efficiency , strong operability and high 5 main control chamber 6 is positioned outside the model test 
safety ; case 3 and communicates with the main tunnel model 2 , the 

5 , spaces and design lines for placing multiple advanced water - containing geological structure device 4 and the 
detection devices are reserved in the whole model device , numerical control automated construction device 5 . 
so that the electrodes and instruments may be conve The tunnel surrounding rock 1 in the model test device is 
niently and quickly assembled and disassembled , and the 10 used for simulating the condition of the tunnel surrounding 
requirements for arranging the devices for multiple rock 1 in actual tunnel construction and is a similar material 
advanced prediction methods including the induced polar - for seismic wave method , electromagnetic method and elec 
ization method , the transient electromagnetic method , the tric method combined detection physical model test , 
seismic wave method , the borehole radar method and the wherein the similar material may simultaneously meet the 
resistivity CT method may be met . 15 requirements of seismic wave field , electromagnetic field 

and direct - current electric field detection for resistivity and 
BRIEF DESCRIPTION OF THE DRAWINGS wave velocity and is simple in structure and convenient in 

operation . 
FIG . 1 is a schematic diagram of a large - scale integrated The similar material is prepared by mixing soil , cement 

geophysical advanced detection model test device of the 20 and gravel uniformly , and consists of the following raw 
present invention ; materials in parts by weight : 100 parts of silty clay , 12 parts 

FIG . 2 is a schematic diagram of a section cutting plane of cement and 20 parts of gravel . 
of an overall structure of a main tunnel model of the present A preparation method of the similar material of the tunnel 
invention ; surrounding rock includes the following steps : 

FIG . 3 is a schematic diagram of a water - containing 25 ( 1 ) finding out appropriate water content ( 12 % ) and com 
geological structure device of the present invention ; pactness ( 0 . 85 ) according to the resistivity and wave 

FIG . 4 is a schematic diagram of a numerical control velocity parameters of required materials and the rela 
automated construction device of the present invention ; tionship among the wave velocity , resistivity , water con 

FIG . 5 is a three - dimensional distribution schematic dia tent and compactness ; 
gram of detection boreholes of the present invention ; 30 ( 2 ) excavating a plurality of underground soil samples , 

FIG . 6 is a schematic diagram showing that a main tunnel drying , exposing in the sun or adding water to ensure that 
model face of the present invention is used for mounting the water content of the soil reaches the predefined water 
advanced prediction electrodes in an induced polarization content ( 12 % ) , and sieving out a plurality of gravel with 
method or a direct - current electric method . the diameters of 3 - 4 meshes through a sieve ; 

Wherein , 1 , tunnel surrounding rock ; 2 , main tunnel 35 ( 3 ) respectively weighing the raw materials including 100 
model ; 3 , model test case ; 4 , water - containing geological parts of silty clay , 12 parts of cement and 20 parts of 
structure device ; 5 , numerical control automated construc - gravel , putting the raw materials into a stirrer and fully 
tion device ; 6 , main control chamber ; 7 , tunnel model stirring the raw materials ; 
cavity ; 8 , tunnel model face ; 9 , shell ; 10 , annular inner ( 4 ) putting the mixed material into a model , stacking layer 
reinforcing rib ; 11 , annular outer reinforcing rib ; 12 , axial 40 by layer , and performing artificial ramming to reach the 
outer reinforcing rib ; 13 , water outlet flow control device ; predefined compactness ( 0 . 85 ) . 
14 , water inlet flow control device ; 15 , water tank ; 16 , air The similar material of the tunnel surrounding rock has 
compressor ; 17 , computer ; 18 , three - way electromagnetic the resistivity of 200 22m and the wave velocity of 1000 m / s 
valve ; 19 , water outlet pipe ; 20 , porous discharge pipe ; 21 , as measured , and may simultaneously meet the requirements 
acoustic emission transducer ; 22 , water inlet pipe ; 23 , cable ; 45 of seismic wave field , electromagnetic field and direct 
24 , double girder gantry crane ; 25 , horizontal guide rail ; 26 , current electric field detection for resistivity and wave 
360° rotatable soil taking device ; 27 , abnormal body carry - velocity , so that the actual geological condition may be 
ing device ; 28 , conducting wire ; 29 , electrode ; 30 , horizon simulated more accurately . 
tal detection boreholes . As shown in FIG . 2 , a main tunnel model 2 consists of a 

50 tunnel model cavity 7 and a tunnel model face 8 . The tunnel 
DETAILED DESCRIPTION OF THE model cavity 7 is divided into an inner layer 100 and an outer 

EMBODIMENTS layer 102 , wherein the inner layer has an “ annular rib pebble 
shell ” structure and includes a shell 9 and annular inner 

The present invention will be further described below in reinforcing ribs 10 ; and the outer layer has a " spatial steel 
combination with accompanying drawings and embodi - 55 grid ” structure and includes annular outer reinforcing ribs 11 
ments . and axial outer reinforcing ribs 12 . The tunnel model face 8 
Embodiment 1 : is provided with electrode 4 mounting holes , electromag 

As shown in FIG . 1 , a tunnel construction large - scale netic method coil supports , a borehole radar detection hole 
integrated geophysical advanced detection model test device and a transient electromagnetic advanced probe placing hole 
includes a tunnel surrounding rock 1 , a main tunnel model 60 and engraved with detailed marks for recording the positions 
2 , a model test case 3 , a water - containing geological struc - of seismic wave method induced points and receiving 
ture device 4 , a numerical control automated construction points . 
device 5 , horizontal detection boreholes 30 and a main The " annular rib pebble shell ” structure consists of the 
control chamber 6 , wherein the tunnel surrounding rock 1 is shell 9 and the annular inner reinforcing ribs 10 . The cross 
filled in the model test case 3 , the main tunnel model 2 is 65 section of the shell 9 has a symmetrical structure formed by 
positioned in the middle of the front of the model test case six arcs of a five - center circle , the vertical distance of the 
3 , the water - containing geological structure device 4 is inner space of the shell 9 is about 2 . 0 m , the horizontal 
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distance of the shell 9 is about 1 . 7 m , the wall thickness of detection of a seismic wave method , and a vertical measur 
the shell 9 is about 3 cm , and the whole cross section is ing line and a horizontal measuring line are arranged on the 
similar to a pebble , having a narrower top and a wider tunnel model face 8 according to the measuring line arrange 
bottom and being smooth on the circumference , so that the ment requirement of the seismic wave method , wherein 
structure is high in strength , high in rigidity and good in 5 there are 20 measuring points at intervals of 0 . 1 m on the 
stability and may bear larger top load and lateral load vertical measuring line and 16 measuring points at intervals 
compared with a common tunnel model structure . The of 0 . 1 m on the horizontal measuring line . 
annular inner reinforcing ribs 10 are positioned in the shell The wall thickness of the tunnel model face 8 is 5 cm , the 
9 and used for restraining the radial deformation of the shell cross section size of the face is completely the same as the 
9 , achieve an overall reinforcing effect on the shell 9 and are 10 size of the shell 9 , and the tunnel model face 8 and the shell 
arranged annularly at intervals of 1 m , the width of each 9 are cast into a whole during manufacturing . 
reinforcing rib is about 10 cm , the height of each reinforcing The tunnel model test device for geophysical field 
rib is about 5 cm , and the shell 9 and the annular inner advanced detection may be completely formed by winding 
reinforcing ribs 10 are integrally cast to form a whole during and casting a GFRP composite material , is light in weight 
manufacturing . 15 and high in strength and is formed by one - time winding and 

The " spatial steel grid ” structure is positioned outside the integral casting , the surface of the model is smooth , the 
shell 9 , and consists of the annular outer reinforcing ribs 11 density uniformity of the inner part of the material is good , 
and the axial outer reinforcing ribs 12 . The outer reinforcing and the manufactured tunnel model test device has relatively 
ribs 11 have the widths of about 2 cm , heights of about 10 strong electromagnetic wave transmission performance and 
cm and intervals of 20 cm ; the axial outer reinforcing ribs 12 20 does not produce any electromagnetic interference , so as to 
have the widths of about 2 cm and heights of about 10 cm provide an ideal test platform for experiments and multiple 
and are distributed in an axial full - length manner on the geophysical instrument test in the model for advanced 
outer surface of the shell 9 , and there are eight axial outer prediction persons . 
reinforcing ribs 12 ; the annular outer reinforcing ribs 11 and Before the advanced prediction of the induced polariza 
the axial outer reinforcing ribs 12 form the " spatial steel 25 tion method or the direct - current electric method , only 
grid ” structure which may greatly enhance the external power supply electrodes 4 and measuring electrodes are 
pressure bearing capability of the tunnel model and reduce inserted into the electrode 4 mounting holes in the tunnel 
the radial compression and axial non - uniform deformation model face 8 and lightly knocked with a hammer to ensure 
of the tunnel model , and are integrally cast to form a whole good contact between the electrode 4 and the rock in front 
during manufacturing . 30 of the face , then the electrode 4 is connected to a cable 23 

As shown in FIG . 6 , the electrode 4 mounting holes are through a conducting wire 28 , and the advanced prediction 
reserved in the tunnel model face 8 according to the mea - operation of the electric method may begin . 
suring line arrangement requirement of a direct - current Before the advanced prediction of the transient electro 
electric method or an induced polarization method , rows of magnetic method , the transmitting coil is wound and fixed 
holes ( sequentially 1 , 2 , 3 , 4 and 5 from top to bottom ) are 35 on the four electromagnetic method coil supports on the 
formed in the face from top to bottom , the distance between tunnel model face 8 , the receiving coil may randomly move 
every two rows is 0 . 4 m , and the central distance of two in the transmitting coil , and the transient electromagnetic 
adjacent holes of each row is 0 . 15 m , wherein there are advanced detection probe may randomly move in the tran 
respectively 6 holes in the 1st and 5th rows and 10 holes in sient electromagnetic advanced probe placing hole to 
the 2nd , 3rd and 4th rows , totally 42 holes ; and each electrode 40 acquire signals . Before the advanced prediction of the bore 
4 mounting hole is cylindrical , the open diameter is 3 cm , hole radar method , only the borehole radar antennas are put 
and the length of each cylindrical wall bus is 10 cm , so that into the borehole radar antenna holes , instruments are con 
power supply and measuring electrodes 4 may be conve - nected , and the borehole radar antennas randomly move in 
niently mounted . the holes to acquire signals reflected by the front rock . 

Four electromagnetic method coil supports are reserved 45 Before the advanced prediction of the seismic wave 
on the tunnel model face 8 according to the arrangement method , the marks on the tunnel model face 8 are knocked 
requirement of transient electromagnetic method coils , the by using a shock hammer , and a detector is placed on other 
connecting lines of the four supports just form a rectangle , positions of the marks to acquire signals . 
and an advanced prediction person may quickly and conve A model test case 3 is composed of a reinforced concrete 
niently arrange a transmitting coil by using the four sup - 50 structure , the size of the whole model is 17 m ( length ) x7 . 6 
ports . m ( width ) x6 m ( height ) , the geometrical factor ratio G of the 

The borehole radar detection hole and the transient elec whole model test device is 6 ( the geometrical dimension 
tromagnetic advanced probe placing hole are respectively ratio of a prototype to a model ) , the thickness of the outer 
positioned in the feet of two sides of the tunnel model , are wall of the model test device is 0 . 4 m , a bottom plate made 
cylindrical , and have open diameters of 0 . 2 m and cylindri - 55 of reinforced concrete with the thickness of 0 . 7 m is adopted 
cal wall bus lengths of 1 m ; and since the two holes are at the bottom joint to resist the bending moment borne by the 
identical in size and equivalent in position , a borehole radar wall , and the main tunnel and the detection boreholes are 
antenna or a transient electromagnetic advanced probe may reserved on the wall . In view of the sizes of the main tunnel 
be placed in any hole in actual detection . It should be noted model 2 and the model test case 3 , the model test device is 
that , when the borehole radar antenna or the transient 60 a large - scale model test platform , may be closer to the actual 
electromagnetic advanced probe needs to be placed in a detection condition and may reflect the detection law more 
deeper position , only a PE tube or a PVC tube with the same really . 
aperture and enough length needs to be connected outside As shown in FIG . 3 , the water - containing geological 
each hole . structure device 4 includes a freely molded water - containing 

The detailed marks are induced measuring points and 65 structure shell 104 with a controllable permeability coeffi 
receiving measuring points accurately marked by using a cient , wherein a water inlet pipe 22 and a water outlet pipe 
ruler on the tunnel model face and used for advanced 19 are mounted on two sides of the water - containing struc 
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ture shell respectively , a water inlet flow control device 14 ( 2 ) mounting the water wave velocity controllable device 
is arranged on the water inlet pipe 22 , a water outlet flow based on a pneumatic powder spray device : adding exces 
control device 13 is arranged on the water outlet pipe 19 , one sive plastic powder into water in the water - containing 
end of the water inlet pipe 22 is connected with a water tank structure shell through the air compressor 16 to form a 
15 , and parts of the water inlet pipe 22 and the water outlet 5 suspension , fixing the acoustic emission transducers 21 
pipe 19 , positioned in the water - containing structure shell , according to a fixed distance , fixing the porous discharge 
are respectively provided with a plurality of water inlets and pipe 20 , connecting the computer 17 with the air com 

pressor 16 and the acoustic emission transducers 21 water outlets forming a plurality of water passages , and the 
water - containing structure shell is also connected with a respectively , and connecting the air compressor 16 with 
water wave velocity controllable device based on pneumatic * 10 the porous discharge pipe 20 ; 

( 3 ) mounting the water inlet and outlet flow control devices powder spray . 
14 and 13 and the water flow direction control devices : The water inlet pipe 22 and the water outlet pipe 19 are connecting the flow controllers with two frequency con respectively connected to the water - containing structure verters respectively , connecting the two frequency con shell through water flow direction control devices , and parts 15 . verters with the variable frequency motors respectively , of the water inlet pipe 22 and the water outlet pipe 19 , and connecting the variable frequency motors with the 

positioned in the water - containing structure shell , are water inlet flow meter and the water outlet flow meter respectively divided into pipelines in multiple directions respectively ; connecting the water flow direction control 
through the water flow direction control devices . devices with the computer 17 , the water flow direction 

The water wave velocity controllable device includes a 20 control devices being mounted at two ends of the water 
computer 17 , wherein the computer 17 is respectively con containing structure shell ; connecting the water inlet pipe 
nected with an air compressor 16 and acoustic emission 22 and the water outlet pipe 19 with the water - containing 
transducers 21 , the air compressor 16 is connected with one structure shell respectively ; 
end of a porous discharge pipe 20 inserted into the water - ( 4 ) hoisting and burying the water - containing geological 
containing structure shell , a plurality of parallel pipelines are 25 structure device : excavating the filled model to an appro 
arranged at the other end of the porous discharge pipe 20 , priate depth on the multifunctional tunnel advanced geo 
and the acoustic emission transducers 21 are positioned in logical prediction physical model test device with set 
the water - containing structure shell . length , width and height according to a designated posi 

The water inlet flow control device 14 includes a flow tion by using a rotary excavating device , hoisting the 
controller , wherein the flow controller is connected with the 30 water - containing geological structure device to the exca 
computer 17 and also connected with a frequency converter , vated position by using a travelling hoist , burying the 
the frequency converter is connected with a variable fre similar material of the excavated surrounding rock , and 
quency motor , the variable frequency motor is connected ramming ; 
with a water inlet flow meter , and the water inlet flow meter ( 5 ) setting the elastic wave velocity , flow and flow direction 
is connected with the computer 17 and mounted in the water 35 of water through the computer 17 , and controlling the 
inlet pipe 22 . corresponding devices to work . 

The water outlet flow control device 13 includes a flow When the water - containing structure shell is cast in ( 1 ) , 
controller , wherein the flow controller is connected with the two holes with the diameters of 3 cm need to be reserved on 
computer 17 and also connected with a frequency converter , two sides of the water - containing structure shell , for mount 
the frequency converter is connected with a variable fre - 40 ing the water inlet and outlet pipes respectively ; meanwhile , 
quency motor , the variable frequency motor is connected a hole with the diameter of 2 cm needs to be reserved in the 
with a water outlet flow meter , and the water outlet flow shell , for mounting a porous discharge pipe 20 connecting 
meter is connected with the computer 17 and mounted in the pipe in the water - containing geological structure device ; in 
water outlet pipe 19 . addition , a square hole of 0 . 2x0 . 2 m also needs to be 

Each water flow direction control device is a three - way 45 reserved in the water - containing structure shell , a cover 
electromagnetic valve 18 which is connected with the com - matching the size of the square hole is manufactured , the 
puter 17 . square hole is used for filling a solid filling material , and the 

The water - containing structure shell is molded by adopt - manufactured cover is fixed on the shell by using bolts after 
ing a pervious material with good permeability and control filling to plug the reserved square hole . 
lable permeability coefficient . The water - containing struc - 50 With respect to the working principle of the water wave 
ture shell is formed by molding 1 part of cement , 1 . 25 - 2 . 05 velocity controllable device based on pneumatic powder 
parts of water granulated slag , 0 . 50 - 1 . 25 parts of gravel , spray , because the wave velocity of water is higher than the 
FRP ribs and 0 . 3 - 0 . 75 part of water by mass . expectation , the wave velocity of the water is controllably 

A manufacturing method of the water - containing geologi adjusted by adopting the plastic powder suspension . In the 
cal structure device 4 includes the following steps : 55 plastic powder suspension , the content of the plastic powder 
( 1 ) casting the water - containing structure shell : selecting an would affect the wave velocity , namely the higher the 

appropriate steel mold and a template according to the content is , the lower the wave velocity is ; and the content of 
type and shape of the water - containing geological struc - the plastic powder in the plastic powder suspension is 
ture device to be manufactured , and arranging and bind controlled through the power of the air compressor 16 , and 
ing the FRP ribs at set intervals in the steel mold ; selecting 60 when the power is high , the more the uniform bubbles 
a mixing ratio according to the set permeability coefficient produced by the porous discharge pipe 20 are , the more the 
requirement , stirring the cement , water granulated slag plastic powder blown in the suspension is , and the higher the 
and gravel uniformly in a stirrer , then adding water , and content of the plastic powder in the suspension is . Therefore , 
stirring uniformly ; then pouring the mixture into the steel the wave velocity controllability is adjusted by feedback : the 
mold and the template , performing vibratory ramming , 65 excessive plastic powder is added into the water , the com 
and molding ; demolding after the set time , and curing for puter controls the air compressor 16 to work at the power of 
a few days according to the concrete curing provision ; 200 KW , and uniform bubbles are produced in the porous 
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discharge pipe 20 , so that the plastic powder is suspended in driving the rotation and normal operation of the grab bucket 
the water ; meanwhile , the acoustic emission probe works , and the extension and retraction of the guide rod ; and the soil 
the wave velocity of the elastic wave of the suspension is taking device solves the problems of deep soil excavation 
tested and fed back to the computer 17 in real time , and and taking , carrying of soil on the top of the model and soil 
when the wave velocity is higher than or lower than a 5 backfilling , and the grab bucket may rotate for 360° , so that 
predicted value , the computer 17 adjusts the working power abnormal bodies in different directions may be buried . 
( 50 - 370 KW ) of the air compressor 16 to reduce or increase The abnormal body carrying device 27 includes a hoist 
the content of the plastic powder in the water , so that the and a travelling component of the hoist , is arranged on one 
wave velocity rises or declines and real - time controllable single girder of the main girder , moves along the single 
adjustment of the wave velocity of the water is realized . 10 girder , retracts to one side of the girder when not in use at 

With respect to the working principle of the water inlet ordinary times , may move to a designated position as needed 
flow control device 14 and the water outlet flow control in work to hoist the abnormal bodies and may complete the 
device 13 , the flow controllers are controlled through the carrying , burying and taking - out operations of the abnormal 
computer 17 and control the variable frequency motors bodies . The integrated numerical control operating system 
through the frequency converters at the water inlet end and 15 may realize the ranging and feedback functions and display 
the water outlet end respectively to control the water inlet the working state of the whole device in real time , and is 
and outlet quantities , the water inlet and outlet flow meters designed to have an automatic control mode and a manual 
feed the water inlet and outlet quantities back to the com control mode . 
puter 17 in real time , and the flow controllers control the After three - dimensional coordinates ( X , Y , Z ) of a pre 
frequency converters in real time according to the feedback 20 buried abnormal body in the soil body of the model are 
information received by the computer 17 and display real - deteimined , the double girder gantry crane 24 moves to the 
time flow and total water quantity at the same time . coordinate X along the horizontal guide rails 25 , the 360° 

The water - containing structure shell is molded in a man rotatable soil taking device 26 moves to the coordinate Y 
ner similar to concrete casting by adopting the pervious along the double girder gantry crane 24 , and the 360° 
material with good permeability and controllable permeabil - 25 rotatable soil taking device 26 vertically downwards moves 
ity coefficient . The shell is molded by adopting a wood to the coordinate Z . 
template and may be freely molded in different shapes , and As shown in FIG . 5 , there are totally three pairs of 
the shape of the wood template is selected according to the horizontal detection boreholes 30 , wherein one pair of 
shapes of different geological bodies such as underground boreholes is positioned in front of the main tunnel face 8 and 
rivers , karst caves and fault zones to be simulated , so that the 30 used for mounting of a transient electromagnetic method 
different geological bodies such as underground rivers , karst advanced probe , mounting of a resistivity CT method elec 
caves and fault zones may be simulated . trode and delivery of a borehole radar method antenna , and 
As shown in FIG . 4 , the numerical control automated the other two pairs of boreholes in which electrodes are 

construction device 5 includes horizontal guide rails 25 fixed mounted penetrate through the whole model test device and 
at the top ends of model test side walls , a double girder 35 are respectively positioned at the upper left , upper right , 
gantry crane 24 moving on the horizontal guide rails 25 lower left and lower right parts of the model test device and 
along the direction of the guide rails , a 360° rotatable soil used for detection of a resistivity CT method and a borehole 
taking device 26 and an abnormal body carrying device 27 radar method . 
which are mounted on the double girder gantry crane 24 , and The detection of the borehole radar method includes the 
an integrated numerical control operating system for real - 40 following specific detect test steps : 
izing the functions of ranging , feedback and real - time dis - 1 , pre - burying of a geological abnormal body : after the 
play . three - dimensional position of the pre - buried geological 

The double girder gantry crane 24 moves along the abnormal body in the model test is determined , perform 
horizontal guide rails 25 , and the 360° rotatable soil taking ing quick three - dimensional positioning excavation in the 
device 26 moves along the double girder gantry crane 24 or 45 tunnel surrounding rock of the model test by using the 
moves vertically downwards . The double girder gantry automated construction device , then carrying and burying 
crane 24 consists of a full - gantry main girder 106 and leg the water - containing structure to a predefined position , 
supports 108 — fixed at two ends of the full - gantry main and finally backfilling and ramming the tunnel surround 
girder , wherein the main girder has a double - girder structure , ing rock material ; 
a trolley track is designed on the main girder , and each single 50 2 , connection of detection devices and test : 
girder of the main girder is designed into a box girder ( 1 ) selection of horizontal detection boreholes : selecting any 
structure . two boreholes according to the three - dimensional position 

Each leg support includes two oblique legs 110 , an end of the pre - buried water - containing structure , to ensure 
girder at the bottom and a travelling mechanism , wherein the that the water - containing geological structure device is 
two oblique legs form an A - shaped support and are con - 55 positioned between two horizontal detection boreholes for 
nected with the travelling mechanism through the end girder detection of the cross - hole radar method ; 
at the bottom . Steel plate buckles for preventing the crane ( 2 ) connection of devices : connecting a radar host , a note 
from being separated from the track are designed on two book computer , two borehole radar antennas , a power 
sides of the travelling mechanism . supply and other matched detection devices ; 

The 360° rotatable soil taking device 26 includes a 60 ( 3 ) detection and verification of detection results . 
four - wheeled trolley , a rotating mechanism , a guide rod , a Firstly , one borehole radar antenna is used as a receiving 
grab bucket and a main hydraulic system . The four - wheeled antenna and delivered to the deepest part of one horizontal 
trolley moves on the trolley track of the full - gantry main detection borehole , and the other borehole radar antenna is 
girder , the guide rod is connected with the four - wheeled used as a transmitting antenna and also delivered to the 
trolley through a guide rod hole in the four - wheeled trolley 65 deepest part of the other horizontal detection borehole . 
and connected with the grab bucket through the rotating Then , the radar host is controlled by the notebook com 
mechanism , and the main hydraulic system is used for puter to perform first radar data acquisition , then the trans 
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mitting antenna is moved outwards from the borehole for a receiving electrodes , and signals are sequentially received 
detection distance m and the receiving antenna is immobile , from the first row to the fifth row to perform first detection ; 
second radar data acquisition is performed , the transmitting similarly , the detection electrodes 1 m , 1 . 5 m , 2 m , 2 . 5 m , 3 
antenna is moved outwards for the detection distance m m , 3 . 5 m , 4 m , 4 . 5 m , 5 m and 5 . 5 m away from the tunnel 
every time till moving away from a detection area , and third , 5 model face on the tunnel cavity are used as power supply 
fourth . . . nth detection are performed , wherein n and m are electrodes , the five rows of electrodes on the tunnel model 
natural numbers . face 8 are used as receiving electrodes , and signals are 

Similarly , the two borehole radar antennas are delivered to sequentially received from the first row to the fifth row to 
the deepest parts of the original horizontal detection bore - perform 2nd , 3rd . . . 11th detection ; 
holes , the original transmitting antenna is used as a receiving 10 finally , the acquired detection data are subjected to geo 
antenna and is immobile , and the original receiving antenna physical inversion , and response results of the water - con 
is used as a transmitting antenna to perform n times of radar taining geological structure device are obtained , so that the 
data acquisition . information such as three - dimensional position and size of 

Finally , the acquired radar data are subjected to geophysi - the detected water - containing geological structure device is 
cal inversion , and a radar detection response waveform 15 obtained ; and the information is compared and verified with 
graph of the water - containing geological structure device is the actual condition . 
obtained , so that the information such as position and size of Although the specific implementations of the present 
the water - containing geological structure device in the invention are described above in combination with the 
detection area is obtained ; and the information is compared accompanying drawings , the protection scope of the present 
and verified with the actual condition . 20 invention is not limited thereto . Those skilled in the art to 
Embodiment 2 : which the present invention pertains should understand that , 

A tunnel construction large - scale integrated geophysical various modifications or variations , made on the basis of the 
advanced detection model test device includes a tunnel technical schemes of the present invention by those skilled 
surrounding rock 1 , a main tunnel model 2 , a model test case in the art without any creative effort , are still within the 
3 , a water - containing geological structure device 4 , a 25 protection scope of the present invention . 
numerical control automated construction device 5 , horizon 
tal detection boreholes 30 and a main control chamber 6 , The invention claimed is : 
wherein the tunnel surrounding rock 1 is filled in the model 1 . A tunnel construction large - scale integrated geophysi 
test case 3 , the main tunnel model 2 is positioned in the cal advanced detection model test device , comprising a 
middle of the front of the model test case 3 , the water - 30 tunnel surrounding rock , a main tunnel model , a model test 
containing geological structure device 4 is arranged in front case having a front and a top , a water - containing geological 
of the main tunnel model 2 , the numerical control automated structure device , a numerical control automated construction 
construction device 5 is mounted on the top of the model test device , horizontal detection boreholes and a main control 
case 3 , the horizontal detection boreholes 30 are arranged in chamber , wherein the tunnel surrounding rock is filled in the 
the model test device , and the main control chamber 6 is 35 model test case , the main tunnel model of a model test is 
positioned outside the model test case 3 and communicates positioned in the middle of the front of the model test case , 
with the main tunnel model 2 , the water - containing geologi the water - containing geological structure device is arranged 
cal structure device 4 and the numerical control automated in front of the main tunnel model , the numerical control 
construction device 5 . automated construction device is mounted on the top of the 

For the proportion of the tunnel surrounding rock and the 40 model test case , the horizontal detection boreholes are 
arrangement and preparation method of other devices , ref arranged in the model test device , and the main control 
erence is made to embodiment 1 . chamber is positioned outside the model test case and 

The induced polarization method includes the following communicates with the water - containing geological struc 
specific detection test steps : ture device and the numerical control automated construc 
1 , pre - burying of a geological abnormal body : after the 45 tion device : 

three - dimensional position of the pre - buried geological the tunnel surrounding rock is used for simulating the 
abnormal body in the model test is determined , perform condition of the tunnel surrounding rock in actual 
ing quick three - dimensional positioning excavation in the tunnel construction and is a similar material simulta 
tunnel surrounding rock of the model test by using the neously meeting the requirements of seismic wave 
automated construction device , then carrying and burying 50 field , electromagnetic field and direct - current electric 
the water - containing structure to a predefined position , field detection for resistivity and wave velocity , and the 
and finally backfilling and ramming the tunnel surround similar material is formed by mixing and compacting 
ing rock material ; the following components in parts by mass : 

2 , connection of detection devices and test : 
( 1 ) selection of detection electrodes , wherein the induced 55 

polarization method needs five rows of electrodes on the soil 100 parts 
tunnel model face 8 and detection electrodes pre - arranged cement 4 - 20 parts 

0 . 5 m , 1 m , 1 . 5 m , 2 m , 2 . 5 m , 3 m , 3 . 5 m , 4 m , 4 . 5 m , gravel 10 - 25 parts , 
5 m and 5 . 5 m away from the tunnel model face on the 
tunnel cavity ; wherein water ratio of the soil is controlled to be 8 - 16 % , 

( 2 ) connection of devices : connecting an induced polariza and compactness of the whole similar material is con 
tion method host and a power supply , and connecting all trolled to be 0 . 75 - 0 . 95 ; the soil and the gravel are 
the used detection electrodes with the host ; aggregates of the similar material , the cement is a 

( 3 ) detection and verification of detection results . cementing agent , the gravel is 3 - 4 meshes , and the 
Firstly , the detection electrode 0 . 5 m away from the tunnel 65 cement is directly mixed as dry powder ; and the wave 

model face on the tunnel cavity is used as a power supply velocity of the similar material is 230 - 1 , 260 m / s , and 
electrode , the five rows of electrodes on the face are used as resistivity of the similar material is 20 - 340 Nm . 
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2 . An integrated geophysical advanced detection method right parts of the model test device and used for detection of 
using the detection model test device of claim 1 , comprising a resistivity CT method and a borehole radar method . 
the following detection steps : 5 . The tunnel construction large - scale integrated geo 

( 1 ) pre - burying of a geological abnormal body : after the physical advanced detection model test device of claim 1 , 
three - dimensional position of the pre - buried geological 5 wherein the main control chamber is used for controlling 
abnormal body in the model test is determined , per - and displaying each operation in the test , and communicates 
forming quick three - dimensional positioning excava - with the water - containing geological structure device and 
tion in the tunnel surrounding rock by using the the numerical control automated construction device . 
numerical control automated construction device , car - 6 . The tunnel construction large - scale integrated geo 
rying and burying the water - containing geological 10 physical advanced detection model test device of claim 1 , 
structure device to a predefined position in front of the wherein a preparation method of the tunnel surrounding rock 
main tunnel model , and backfilling and ramming the comprises the following steps : 
tunnel surrounding rock ; ( 1 ) finding out the values of appropriate water ratio and 

( 2 ) connection of detection devices and detection test , compactness according to the resistivity and wave 
specifically comprising : velocity parameters of required materials and the rela 
1 ) selection of a detection method and connection of tionship curve among the wave velocity , resistivity , 

devices : selecting a detection method according to water ratio and compactness ; 
the test requirement , the detection method including ( 2 ) excavating a plurality of underground soil samples , 
an induced polarization method , a transient electro drying , exposing in the sun or adding water to ensure 
magnetic method , a seismic wave method , a bore - 20 that the water ratio of the soil reaches the predefined 
hole radar method and a resistivity CT method , and water ratio , and sieving out a plurality of gravel with 
connecting the detection devices matched with the the diameters of 3 - 4 meshes through a sieve ; 
detection method for the geophysical advanced ( 3 ) respectively weighing the raw materials , putting the 
detection test ; raw materials into a stirrer and fully stirring the raw 

2 ) selection of electrodes and horizontal detection 25 materials ; 
boreholes : selecting the electrodes or the horizontal ( 4 ) putting the mixed material into a model , stacking layer 
detection boreholes required for the corresponding by layer , and performing artificial ramming to reach the 
method according to the selected detection method , predefined compactness . 
wherein the induced polarization method needs the 7 . The tunnel construction large - scale integrated geo 
electrodes arranged on the main tunnel face and the 30 physical advanced detection model test device of claim 1 , 
tunnel cavity , and the borehole radar method and the wherein the main tunnel model comprises a tunnel model 
resistivity CT method need two random boreholes face and a tunnel model cavity which are connected with 
selected according to the three - dimensional position each other to form a whole ; the tunnel model cavity is 
of the pre - buried water - containing geological struc - divided into an inner layer and an outer layer , the inner layer 
ture device , so as to ensure that the water - containing 35 comprises a shell and annular inner reinforcing ribs posi 
geological structure device is positioned between the tioned in the shell and used for restraining the radial defor 
horizontal detection boreholes ; mation of the shell , and the outer layer is provided with 

3 ) detection and verification of detection results : per - annular outer reinforcing ribs and axial outer reinforcing ribs 
forming various geophysical advanced detections positioned outside the shell and used for restraining the 
under the coordination action of the detection 40 radial and axial deformation of the tunnel model cavity 
devices and the electrodes or the boreholes , perform respectively ; and electrode mounting holes , electromagnetic 
ing geophysical inversion on the acquired detection method coil supports , a borehole radar detection hole and a 
data to obtain response results of the water - contain - transient electromagnetic advanced probe placing hole are 
ing geological structure device so as to obtain infor - arranged on the tunnel model face respectively , seismic 
mation including the three - dimensional position and 45 wave method induced measuring points and receiving mea 
size of the detected water - containing geological suring points are arranged on the tunnel model face , the 
structure device , and verify the information with cross section of the inner layer shell of the tunnel model 
three - dimensional position and size of the actual cavity has a symmetrical structure formed by six arcs of a 
buried water - containing geological structure device five - center circle , and the whole cross section is in the shape 
to judge the accuracy of various detection methods . 50 of a pebble which has a narrower top and a wider bottom and 

3 . The tunnel construction large - scale integrated geo - is smooth on the circumference . 
physical advanced detection model test device of claim 1 , 8 . The tunnel construction large - scale integrated geo 
wherein the model test case has a reinforced concrete physical advanced detection model test device of claim 7 , 
structure , the geometrical factor ratio G of the whole model wherein the borehole radar detection hole and the transient 
test device is 6 , and the geometrical factor ratio is the 55 electromagnetic advanced probe placing hole are positioned 
geometrical dimension ratio of a prototype to a model in the feet of two sides of the tunnel model face respectively , 

4 . The tunnel construction large - scale integrated geo - and are cylindrical and identical in size . 
physical advanced detection model test device of claim 1 , 9 . The tunnel construction large - scale integrated geo 
wherein there are totally three pairs of horizontal detection physical advanced detection model test device of claim 7 , 
boreholes , one pair of boreholes is positioned in front of the 60 wherein the electrode mounting holes are cylindrical and are 
main tunnel face and used for mounting of a transient reserved in the tunnel model face according to the measuring 
electromagnetic method advanced probe , mounting of a line arrangement requirement of a direct - current electric 
resistivity CT method electrode and delivery of a borehole method or an induced polarization method , and electrodes 
radar method antenna , and the other two pairs of boreholes are mounted in the electrode mounting holes according to 
in which measuring electrodes are mounted penetrate 65 actual needs . 
through the whole model test device and are respectively 10 . The tunnel construction large - scale integrated geo 
positioned at upper left , upper right , lower left and lower physical advanced detection model test device of claim 7 , 
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wherein four electromagnetic method coil supports are shell through water flow direction control devices , and parts 
reserved on the tunnel model face according to the arrange of the water inlet pipe and the water outlet pipe , positioned 
ment requirement of transient electromagnetic method coils , in the water - containing structure shell , are respectively 
and the four supports form a rectangle . divided into pipelines in multiple directions through the 

11 . The tunnel construction large - scale integrated geo - 5 water flow direction control devices . 
physical advanced detection model test device of claim 1 , 17 . The tunnel construction large - scale integrated geo 
wherein the water - containing geological structure device physical advanced detection model test device of claim 16 , comprises a freely molded water - containing structure shell wherein the water flow direction control device is a three with a controllable permeability coefficient , a water inlet way electromagnetic valve which is connected with the pipe , a water outlet pipe , a water inlet flow control device , 10 computer . a water outlet flow control device , a water tank and a water 18 . The tunnel construction large - scale integrated geo wave velocity controllable device , wherein the water inlet physical advanced detection model test device of claim 11 , pipe and the water outlet pipe are arranged on two sides of 
the water - containing structure shell respectively , the water wherein a manufacturing method of the water - containing 
inlet flow control device is fixed on the water inlet pipe , the 15 geological structur 15 geological structure device comprises the following steps : 
water outlet flow control device is arranged on the water ( 1 ) casting the water - containing structure shell : selecting 

outlet pipe , one end of the water inlet pipe is connected with an appropriate steel mold and a template according to 
the water tank , and parts of the water inlet pipe and the water the type and shape of the water - containing structure to 
outlet pipe , positioned in the water - containing structure be manufactured , and arranging and binding the FRP 
shell , are respectively provided with a plurality of water 20 ribs at set intervals in the steel mold ; selecting a mixing 
inlets and water outlets forming a plurality of water pas ratio according to the set permeability coefficient 
sages , and the water - containing structure shell is also con requirement , stirring the cement , water granulated slag 
nected with the water wave velocity controllable device and gravel uniformly in a stirrer , then adding water , and 
based on pneumatic powder spray . stirring uniformly ; then pouring the mixture into the 

12 . The tunnel construction large - scale integrated geo - 25 steel mold and the template , performing vibratory 
physical advanced detection model test device of claim 11 , ramming , and molding ; demolding after the set time , 
wherein the water - containing structure shell is molded by and curing for a few days according to the concrete 
adopting a pervious material with good permeability and curing provision ; 
controllable permeability coefficient , and the water - contain ( 2 ) mounting the water wave velocity controllable device 
ing structure shell is formed by molding 1 part of cement , 30 based on pneumatic stirring : adding excessive plastic 
1 . 25 - 2 . 05 parts of water granulated slag , 0 . 50 - 1 . 25 parts of powder into water in the water - containing structure 
gravel , FRP ribs and 0 . 3 - 0 . 75 part of water by mass . shell through the air compressor to form a suspension , 

13 . The tunnel construction large - scale integrated geo fixing the acoustic emission transducers according to a 
physical advanced detection model test device of claim 11 , fixed distance , fixing the porous discharge pipe , con 
wherein the water wave velocity controllable device com - 35 necting the computer with the air compressor and the 
prises a computer , the computer is respectively connected acoustic emission transducers respectively , and con 
with an air compressor and acoustic emission transducers , necting the air compressor with the porous discharge 
the air compressor is connected with one end of a porous pipe ; 
discharge pipe inserted into the water - containing structure ( 3 ) mounting the water inlet and outlet flow control 
shell , a plurality of parallel pipelines are arranged at the 40 devices and the water flow direction control devices : 
other end of the porous discharge pipe , and the acoustic connecting the flow controllers with two frequency 
emission transducers are positioned in the water - containing converters respectively , connecting the two frequency 
structure shell . converters with the variable frequency motors respec 

14 . The tunnel construction large - scale integrated geo tively , and connecting the variable frequency motors 
physical advanced detection model test device of claim 11 , 45 with the water inlet flow meter and the water outlet flow 
wherein the water inlet flow control device comprises a flow meter respectively ; connecting the water flow direction 
controller , the flow controller is connected with the com control devices with the computer , the water flow 
puter and also connected with a frequency converter , the direction control devices being mounted at two ends of 
frequency converter is connected with a variable frequency the water - containing structure shell ; connecting the 
motor , the variable frequency motor is connected with a 50 water inlet pipe and the water outlet pipe with the 
water inlet flow meter , and the water inlet flow meter is water - containing structure shell respectively ; 
connected with the computer and mounted in the water inlet ( 4 ) hoisting and burying the water - containing geological 
pipe . structure device : excavating the filled model to an 

15 . The tunnel construction large - scale integrated geo appropriate depth on the multifunctional tunnel 
physical advanced detection model test device of claim 11 , 55 advanced geological prediction physical model test 
wherein the water outlet flow control device comprises a device with set length , width and height according to a 
flow controller , the flow controller is connected with the designated position by using a rotary excavating 
computer and also connected with a frequency converter , the device , hoisting the water - containing geological struc 
frequency converter is connected with a variable frequency ture device to the excavated position by using a trav 
motor , the variable frequency motor is connected with a 60 elling hoist , burying the similar material of the exca 
water outlet flow meter , and the water outlet flow meter is vated surrounding rock , and ramming ; 
connected with the computer and mounted in the water ( 5 ) setting the elastic wave velocity , flow and flow direc 
outlet pipe . tion of water through the computer , and controlling the 

16 . The tunnel construction large - scale integrated geo corresponding devices to work . 
physical advanced detection model test device of claim 11 , 65 19 . The tunnel construction large - scale integrated geo 
wherein the water inlet pipe and the water outlet pipe are physical advanced detection model test device of claim 18 , 
respectively connected to the water - containing structure wherein when the water - containing structure shell is cast in 
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( 1 ) , two holes with the diameters of 3 cm need to be full - gantry main girder , the main girder has a double - girder 
reserved on two sides of the water - containing structure structure , a trolley track is designed on the main girder , and 
shell , for mounting the water inlet and outlet pipes each single girder of the main girder is designed into a box 
respectively ; meanwhile , a hole with the diameter of 2 girder structure . 
cm needs to be reserved in the shell , for mounting a 5 23 . The tunnel construction large - scale integrated geo 
porous discharge pipe connecting pipe in the water - physical advanced detection model test device of claim 22 , 
containing structure ; in addition , a square hole of wherein the 360° rotatable soil taking device comprises a 0 . 2x0 . 2 m also needs to be reserved in the water four - wheeled trolley , a rotating mechanism , a guide rod , a 
containing structure shell , a cover matching the size of grab bucket and a main hydraulic system ; the square hole is manufactured , the square hole is used 10 the four - wheeled trolley moves on the trolley track of the for filling a solid filling material , and the manufactured 
cover is fixed on the shell by using bolts after filling to full - gantry main girder , the guide rod is connected with 
plug the reserved square hole . the four - wheeled trolley through a guide rod hole in the 

20 . The tunnel construction large - scale integrated geo four - wheeled trolley and connected with the grab 
physical advanced detection model test device of claim 1 , 15 bucket through the rotating mechanism , the guide rod 
wherein the numerical control automated construction is telescopic , and the main hydraulic system is used for 
device comprises horizontal guide rails fixed at the top end driving the rotation and normal operation of the grab 
of the model test case , a double girder gantry crane moving bucket and the extension and retraction of the guide 
on the horizontal guide rails along the direction of the guide rod . 
rails , a 360° rotatable soil taking device and an abnormal 20 24 . The tunnel construction large - scale integrated geo 
body carrying device which are mounted on the double physical advanced detection model test device of claim 22 , 
girder gantry crane , and an integrated numerical control wherein the abnormal body carrying device comprises a 
operating system for realizing the functions of ranging , hoist and a travelling component connected with the hoist , 
feedback and real - time display ; and the double girder gantry wherein the travelling component moves along one single 
crane moves along the horizontal guide rails , and the 360° 25 girder of the main girder of the double girder gantry crane . 
rotatable soil taking device moves along the double girder 25 . The tunnel construction large - scale integrated geo 
gantry crane or moves vertically downwards . physical advanced detection model test device of claim 22 , 

21 . The tunnel construction large - scale integrated geo wherein each leg support comprises two oblique legs , an end 
physical advanced detection model test device of claim 20 , girder at the bottom and a travelling mechanism ; and the two 
wherein the integrated numerical control operating system 30 oblique legs form an A - shaped support and are connected 

with the travelling mechanism through the end girder at the may realize the ranging and feedback functions and display 
the working state of the whole device in real time , and is bottom . 

26 . The tunnel construction large - scale integrated geo designed to have an automatic control mode and a manual 
control mode . physical advanced detection model test device of claim 25 , 

22 . The tunnel construction large - scale integrated geo - 35 wherein steel plate buckles for preventing the crane from 
physical advanced detection model test device of claim 20 , being separated from the track are designed on two sides of 
wherein the double girder gantry crane consists of a full the travelling mechanism . 
gantry main girder and leg supports fixed at two ends of the ? ? ? ? * 


